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(54) Reductant supply system 

(57) Provided is a reductant supply system compris- 
ing a NOx catalyst (3) that is provided in an exhaust pas- 
sage of an internal combustion engine (1) and that fa- 
cilitates reduction of a nitrogen oxide in the presence of 
a reductant, and a reductant supply device (4) that sup- 
plies the reductant to the NOx catalyst (3). The reductant 
supply system further comprises: clogging estimation 
means (1 0) for estimating a clogging timing at which an 



injection hole (44, 46) of the reductant supply device (4) 
is clogged; and clogging control means (4, 10) for con* 
trolling the clogging of the injection hole (44, 46) by in- 
jection of the reductant from the reductant supply device 
(4) in accordance with the clogging timing estimated by 
the clogging estimation means (10). Therefore, the clog- 
ging of the injection hole (44, 46) of the reductant supply 
device and the like can be controlled or substantially 
prevented. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The Invention relates to a reductant supply 
system for supplying a reductant to a NOx catalyst. 

2. Description of the Related Art 

[0002] A recently known means for reducing the 
amount of nitrogen oxides (NOx) present in exhaust gas 
from an internal combustion engine capable of lean- 
bum operation is a lean NOx catalyst such as a selective 
reduction type NOx catalyst, storage-reduction type 
NOx catalyst, etc. 

[0003] The selective reduction type NOx catalyst is a 
catalyst that causes reduction or decomposition of ni- 
trogen oxides (NOx) when a reductant Is present In an 
excess oxygen atmosphere. This type of catalyst In- 
cludes catalysts formed by loading a zeolite support with 
a transition metal, such as Cu or the like, catalysts car- 
rying tItaniaA/anadium, catalysts fonned by loading a ze- 
olite or alumina support with a noble metal, etc. 
[0004] In order to remove nitrogen oxides (NOx) 
through the use of such a selective reduction NOx cat- 
alyst, it is necessary to provide an appropriate amount 
of a reductant. An existing technology uses hydrocarbon 
(HC), an ammonium-derived compound, or the like, as 
such a reductant. 

[0005] The storage-reduction type NOx catalyst Is a 
catalyst that absorbs nitrogen oxides (NOx) from Inflow 
exhaust gas when the oxygen concentration In the ex- 
haust gas is high, and that reduces the stored nitrogen 
oxides (NOx) Into nitrogen (N2) when the oxygen con- 
centration in inflow exhaust gas is low and a reductant 
Is present. 

[0006] Generally, lean NOx catalysts, Including the 
selective reduction type NOx catalysts, the storage-re- 
duction type NOx catalysts, etc., become able to remove 
nitrogen oxides (NOx) from exhaust gas In the presence 
of a reductant. Therefore, in order to remove nitrogen 
oxides (NOx) from exhaust gas through the use of a lean 
NOx catalyst, It is necessary to supply an appropriate 
amount of reductant to the lean NOx catalyst. 
[0007] A method for supplying a reductant into ex- 
haust gas Is addition of a reductant into exhaust gas. 
The addition of a reductant is performed by injecting the 
reductant into exhaust gas via a reductant injection noz- 
zle, i-iowever, since the reductant Injection nozzle is al- 
ways exposed to exhaust gas, heat from exhaust gas 
solidifies the reductant remaining In the Injection nozzle 
in some cases so that the reductant Injection nozzle may 
ba clogged. 

[0008] In view of this problem, the technology de- 
scribed in Japanese Patent Application Lald-Open Pub- 
lication No. 9-150038 injects water for a predetermined 



time before or after injection of aqueous urea solution. 
The Injection of water washes the solidified urea out of 
the reductant injection nozzle, thereby substantially pre- 
venting the clogging of the reductant Injection nozzle. 
[0009] However, in order to inject water from the re- 
ductant Injection nozzle, there Is a need to provide a wa- 
ter supply system besides the reductant supply system, 
thus resulting in a complicated and increased-size ap- 
paratus. Furthennore, if a NOx catalyst loaded with va- 
nadium is incorporated, there is a danger that vanadium 
may be eiuted by water injected to prevent the clogging 
of the reductant Injection nozzle, and therefore the cat- 
alyst capability may decline. 

SUMMARY OF THE INVENTION 

[0010] The invention has been accomplished in order 
to solve the aforementioned problems. It is an object of 
the invention to prevent the clogging of the reductant 
Injection nozzle in a reductant supply apparatus. 
[0011] in order to achieve the aforementioned object, 
a reductant supply system as described below Is pro- 
vided. 

[0012] That is, a reductant supply system comprising 
a NOx catalyst that Is provided in an exhaust passage 
of an Internal combustion engine and that facilitates re- 
duction of a nitrogen oxide in the presence of a reduct- 
ant, and a reductant supply device that supplies the re- 
ductant to the NOx catalyst, Is characterized by further 
comprising: 

[0013] clogging estimation means for estimating a 
clogging timing at which an Injection hole of the reduct- 
ant supply device Is clogged; and 
[0014] clogging control means for control ling the clog- 
ging of the injection hole by injection of the reductant 
from the reluctant supply device In accordance with the 
dogging timing estimated by the clogging estinnation 
means. 

[0015] A major feature of the invention Is that the tim- 
ing at which clogging will be caused by the reductant 
deposited In the injection hole Is estimated by the clog- 
ging estimation means, and that in accordance with the 
dogging timing estimated by the clogging estimation 
means, the reductant is Injected from the reductant sup- 
ply device so that the injection hole will not be clogged. 
[0016] in the reductant supply device constructed as 
described above, the reductant sometimes remains in 
the injection hole when the reductant Is supplied to the 
NOx catalyst. The reductant residues tend to solidify in 
the injection hole due to evaporation of moisture and the 
like caused by heat from exhaust gas. Thus, there Is a 
danger of the Injection hole being clogged by solidifica- 
tion ot the reductant. 

[0017] In the reductant supply system constructed as 
described above, however, the reductant is injected 
from the reductant supply device in accordance with the 
clogging timing estimated by the clogging estimation 
means. Therefore, It becomes possible to eliminate the 
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problem of the dogging ot the Injection hole. 
[0016] According to a preferred fonm ot the Invention, 
the dogging control means may be clogging prevention 
means for injecting a small amount of the reductant for 
substantlaliy preventing the clogging of the Injection » 
hole prior to the clogging timing estimated by the clog- 
ging estimation means. 

[0019] According to the reductant supply system con- 
structed as described above, the timing at which clog- 
ging will be caused by the reductant deposited In the 
injection hole is estimated by the clogging estimation 
means, and the reductant supply device Is caused to 
Inject a small amount of the reductant before the clog- 
ging occurs. Therefore, the clogging can be substantial- 
ly prevented by washing the deposited reductant out of 
the injection hole. 

[0020] Examples of the reductant include hydrocar- 
bon, urea, ammonium carbamate, etc. 
[0021 ] According to another preferred form of the in- 
vention, the clogging control means may be clogging re- 
solving me€ms for injecting an amount of the reductant 
that Is greater than a usual amount If the reductant Is 
supplied after the clogging timing estimated by the clog- 
ging estimation means. 

[0022] In the reductant supply device constructed as 
described above, the reductant sometimes remains in 
the Injection hole when the reductant is supplied to the 
NOx catalyst. The reductant residues tend to solidify in 
the injection hole due to evaporation of moisture and the 
like or carbon ization of the reductant residues caused 
by heat from exhaust gas. Thus, there is a danger of the 
Injection hole being clogged by solidification of the re- 
ductant. 

[0023] However, the reductant deposited in the Injec- 
tion hole can be removed even after the reductant has 
solidifies, by Injecting the reductant via the Injection hole 
for a long time. Therefore, the solidified reductant can 
be removed by Injecting a greater-than-usual amount of 
the reductant after the clogging timing estimated by the 
clogging estimation means. 

[0024] According to still another preferred form of the 
Invention, the clogging control meems may be clogging 
resolving mean for injecting the reductant at a pressure 
that is higher than a usual pressure if the reductant is 
supplied after the dogging timing estimated by the clog- 
ging estimation means. 

[0025] In the reductant supply device constructed as 
described above, the reductant sometimes remains in 
the injection hole when the reductant is supplied to the 
NQx catalyst. The reductant residues tend to solidify In 
the Injection hole due to evaporation of moisture and the 
nice or carbonization of the reductant residues caused 
by heat from exhaust gas. Thus, there Is a danger of the 
injection hole being clogged by solidification of the re- 
ductant. 

[0026] IHoweven the reductant deposited in the injec- 
tion hole can be washed out even after the reductant 
has solidifies, by injecting the reductant via the Injection 
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hole at an increased pressure of the reductant. There- 
fore, It becomes possible to remove the solidified reduct- 
ant by injecting the reductant at an Increased pressure 
after the clogging timing estimated by the clogging es- 
timation means. 

[0027] According to a further form of the Invention, the 
clogging estimation means may estimate that the injec- 
tion hole will be clogged, If an elapsed time following a 
last Injection of the reductant from the reductant supply 
device reaches at least a predetermined time. 
[0028] According to the clogging estimation means, 
the timing of clogging of the Injection hole can be esti- 
mated on the basis of the elapsed time following the last 
Injection of the reductant via the injection hole, because 
the reductant in the injection hole solidifies due to evap- 
oration of moisture and the like or carbonization of the 
reductant residues as time elapses. 
[0029] According to a furtherfomn of the Invention, the 
reductant supply system may further comprise, exhaust 
gas temperature measurement means for measuring a 
temperature of exhaust gas, and exhaust gas tempera- 
ture integration means for Integrating exhaust gas tem- 
peratures measured by the exhaust gas temperature 
measurement means. 

[0030] With this construction, the clogging estimation 
means may estimate that the Injection hole will be 
dogged, If an integrated value of exhaust gas tempera- 
ture following a last injection of the redudant from the 
reductant supply device reaches at least a predeter- 
mined value. 

[0031] The time needed for solidification of the reduct- 
ant varies depending on the temperature of exhaust gas 
to which the reductant Is exposed, and the time of ex- 
posure to exhaust gas. The reductant Is more likely to 
solidify If the temperature ot exhaust gas is higher and 
the time of exposure is longer Therefore, according to 
the dogging estimation means, the timing of clogging of 
the Injection hole can be estimated on the basis of the 
integrated value of exhaust gas temperature following 
the last injection of the reductant. 
[0032] According to a further form of the Invention, the 
reductant supply device may comprise a valve that 
opens at the time of supply of the reductant so as to 
deliver the reductant. a sac in which the reductant is 
temporarily stored after passing through the valve, and 
received heat quantity computation means for comput- 
ing an integrated value of heat quantity received by the 
reductant remaining in the sac. 

[0033] With this construction, the clogging estimation 
means may estimate that the injection hole will be 
dogged, If the Integrated value of heat quantity received 
by the reductant remaining In the sac following a last 
Injection of the reductant from the reductant supply de- 
vice reaches at least a predetermined value. 
[0034] In the reductant supply dev'ce constructed as 
described alDOve, the reductant is temporarily stored in 
the sac when the valve provided In the injection hole Is 
opened, if the sac Is filled with the reductant, the pres- 
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sure of the reductant stored In the sac rtses. and the 
reductant Is Injected through the Injection hole. After 
that» as the valve Is closed, the pressure of the reductant 
stored In the sac gradually decreases to a pressure sub- 
stantially equal to the pressure of exhaust gas. Thus, 
the Injection of the reductant ends. Thus, the time for 
solidification of the reductant has a correlation with the 
heat quantity that the reductant rennalning In the sac re- 
ceives after the last Injection of the reductant through 
the Injection hole. The received heat quantity computa- 
tion means can compute the heat quantity received by 
the reductant remaining In the sac, and the clogging es- 
timation means can estimate the timing of clogging of 
the Injection hole beised on the heat quantity received 
by the reductant remaining in the sac. 
[0035] According to a further form of the invention, it 
is also possible to further provide exhaust gas temper- 
ature measurement means for measuring a tempera- 
ture of exhaust gas. exhaust gas flow measurement 
means for measuring an amount of flow of exhaust gas. 
and exhaust gas temperature Integration means for in- 
tegrating exhaust gas temperatures measured by the 
exhaust gas temperature measurement means. 
[0036] With this construction, the clogging estimation 
means may estimate the clogging of the injection hole 
based on the amount of flow of exhaust gas and an in- 
tegrated value of exhaust gas temperature following a 
last Injection of the reductant from the reductant supply 
device reaches at least a predetemnined value. 
[0037] The reductant deposited in the injection hole 
causes the clogging of the injection hole due to evapo- 
ration of moisture and the like or carbonization of the 
reductant residues depending on exhaust gas temper- 
ature. The reductant deposited In the injection hole so- 
lidifies earlier and therefore causes the clogging earlier 
if higher temperature of exhaust gas continues and the 
amount of flow of exhaust gas is greater, because of ac- 
celeration of the evaporation of moisture and the like 
contained in the reductant remaining In the sac. Thus, 
there is a congelation of the timing of clogging of the in- 
jection hole with the integrated value of temperature of 
exhaust gas and the amount of flow of exhaust gas. 
Therefore, it is possible to estimate the timing of clog- 
ging of the injection hole based on the temperature of 
exhaust gas and the amount of flow of exhaust gas. 
[0038] According to a further form of the invention, the 
reductant supply device may comprise a valve that 
opens at the time of supply of the reductant so as to 
deliver the reductant. reductant pressure measurement 
means for measuring a pressure of the reductant up- 
stream of the valve, and reductant pressure integration 
means for Integrating the pressure measured by the re- 
ductant pressure measurement means. 
[0039] With this construction, the clogging estimation 
means may estimate that the injection hole will be 
clogged, if the Integrated value of the pressure following 
a last injection of the reductantf rom the reductant supply 
device reaches at least a predetemnined value. 



[0040] in the reductant supply devk^e constructed as 
described above, the reductant leaks despite closure of 
the valve In some cEises. Similar to the injected reduct- 
ant. the leaking reductant causes the clogging of the in- 

3 Jection hole. The amount of leakage of the reductant has 
a correlation with the Integrated value of pressure of the 
reductant. Therefore. It becomes possible to estimate 
the amount of leakage of the reductant by determining 
an integrated value of pressure of the reductant, and es- 

10 timate the timing of clogging of the injection hole based 
on the amount of leakage of the reductant. 

BRIEF DESCRIPTION OF THE DIRAWINGS 

15 [0041 ] The above and other objects, features, advan- 
tages, technbal and industrial significance of this Inven- 
tion will be better understood by reading the following 
detailed description of prefen-ed embodiments of the In- 
vention, when considered in connection with the accom- 

20 panying drawings, In which: 

FIG. 1 is a schematic illustration of the construction 
of an Internal combustion engine and an exhaust 
system thereof to which the reductant supply appa- 
ls ratus of the invention is applied; 

FIG. 2 is a schematic sectional view of an exempla- 
ry construction of a distal end portion of a reductant 
injection valve; 

FIG. 3 Is a schematic sectional view of another ex- 
30 emplary construction of a distal end portion of the 
reductant injection valve; 

FIG. 4 Is a time cheul Indicating time-dependent 
transition of the reductant addition signal supplied 
to the reductant injection valve In a first embodiment 

ss of the Invention; 

FIG. 5 Is a time chart indicating time-dependent 
transitions of the reductant addition signal supplied 
to the reductant Injection valve and the temperature 
of exhaust gas In a second embodiment of the In- 

40 vention. 

FIG. 6 is a time chart Indicating time-dependent 
transitions of the reductant addition signal supplied 
to the reductant injection valve and the clogging in- 
dex in a third embodiment of the Invention; and 

49 FIG. 7 is a diagram indicating a relationship be- 
tween temperature and the substances Into which 
urea changes depending on temperature In a sixth 
embodiment of the Invention. 

so DESCRIPTION OF THE EXEi^/IPLARY 
EMBODIMENTS 

[0042] In the following description and the accompa- 
nying drawings, the present Invention will be described 
55 In more detail in terms of exemplary embodiments. 
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<FIRST EMBODIMENT> 

[0043] Specific embodiments of the reductant supply 
apparatus of the Invention will be described hereinafter 
with reference to the drawings. An exemplary embodi- s 
ment In which the reductant supply apparatus of the In- 
vention is applied to a vehicle-driving diesel engine will 
be described below. 

[0044] FIG. 1 Is a schematic illustration of the con- 
struction of an internal combustion engine and an ex- 
haust system thereof to which the reductant supply ap- 
paratus of the invention Is applied. 
[0045] An Internal combustion engine 1 shown In FIG. 
1 1s a four-cycle diesel engine. An exhaust pipe 2 Is con- 
nected to the internal combustion engine 1 . The exhaust 
pipe 2 Is connected at its downstream end to a muffler 
(not shown). A selective reduction NOx catatyst 3 that 
uses urea as a reductant is disposed In an intermediate 
portion of the exhaust pipe 2. Disposed in the exhaust 
pipe 2 upstream of the selective reduction NOx catalyst 
3 Is a reductant injection valve 4 for dispensing urea as 
a reductant to the selective reduction NOx catalyst 3. 
Disposed upstream of the selective reduction NOx cat- 
atyst 3 is an exhaust temperature sensor 9 that outputs 
an electric signal corresponding to the temperature of 
exhaust gas flowing in the exhaust pipe 2. 
[0046] in the thus-constructed exhaust system, mix- 
ture gas (burned gas) produced as a result of combus- 
tion in each cylinder of the Internal combustion engine 
1 is discharged Into the exhaust plpe2viaexhau8t ports, 
and flows Into the selective reduction NOx catalyst 3. 
whereby hamnful gas components In exhaust gas are 
removed. After the removal of hamnful gas components 
by the selective reduction NOx catalyst 3, exhaust gas 
Is let out into the atmosphere via the muffler. 
[0047] The selective reduction NOx catalyst 3 per- 
forms selective reduction with urea supplied as a reduct- 
ant to the catalyst. 

[0048] Examples of the selective reduction NOx cat- 
alyst include catalysts fomied by loading a zeolite sup- 
port with a transition metal, such as Cu or the like, cat- 
alysts carrying titania/vanadiunn, etc. Examples of the 
selective reduction NOx catalyst further Include cata- 
lysts formed by loading azeoilte or alumina support with 
a noble metal. 

[0049] A reductant supply apparatus In accordance 
with this embodiment will next be described. The reduct- 
ant Injection valve 4 is electrically connected to an elec- 
tronic control unit (EUC) 10, and injects the reductant 
on the basis of a signal from the ECU 10. Urea as the 
reductant Is stored In thefonn of an aqueous solution In 
a reductant storage tank 5. The reductant storage tank 
5 Is connectsd to a reductant ejection pump 6 via a re- 
ductant suction passage 11. The reductant ejection 
pump 6 is connected to the reductant injection valve 4 
via a reductant supply passage 7. The reductant supply 
passage 7 between the reductant Injection valve 4 and 
the reductant ejection pump 6 is provided with a pres- 



sure regulator 12 that automatically opens when the 
pressure of the reductant reaches a predetermined 
pressure, and a reductant pressure sensor 8 that out- 
puts a signal corresponding to the pressure of the re- 
ductant in the reductant supply passage 7. The pressure 
regulator 12 Is connected to the reductant storage tank 
5 via a return pipe 1 3. 

[0050] In the reductant supply apparatus constructed 
as described above, the reductant ejection pump 6 
draws the reductant from the reductant storage tank 5 
via the reductant suction passage 11. The reductant 
drawn Into the reductant ejection pump S Is ejected Into 
the reductant supply passage 7. When the pressure of 
the reductant supply passage 7 rises to the predeter- 
mined pressure, the pressure regulator 12 opens, so 
that the reductant flows into the return pipe 13. Thus, 
the reductant is returned to the reductant storage tank 
5. In this manner, the pressure of the reductant In the 
reductant supply passage 7 is kept at a constant level. 
When the reductant injection valve 4 opens In response 
to the signal from the ECU 1 0, the reductemt Is Injected 
Into exhaust gas. After Injected Into exhaust gas, the re- 
ductant flows into the selective reduction NOx catalyst 
3 together with exhaust gas. 

[0051] The internal combustion engine 1 constructed 
as described above Is provided with the ECU 10 for con- 
trolling the Intemal combustion engine 1 . The ECU 10 
Is a unit that controls the state of operation of the internal 
combustion engine 1 in accordance with the operational 
condition of the internal combustion engine 1 and a re- 
quest from a driving person. 

[0052] The ECU 10 Is connected to various sensors 
such as the reductant pressure sensor 8, the exhaust 
temperature sensor 9, etc., via electric wiring. Output 
signals of the various sensors are input to the ECU 10. 
[0053] The ECU 1 0 is also connected to the reductant 
injection valve 4 and the like via electric wiring so that 
the ECU 10 can control the aforementioned members 
and portions. 

[0054] In a selective reduction NOx control, the ECU 
10 perfomns a urea addition control of adding urea as 
the reductant Into exhaust gas that flows Into the selec- 
tive reduction NOx catalyst 3. 

[0055] In the urea addition control, the ECU 1 0 deter- 
mines whether a urea addition control executing condi- 
tion is met, In predetenmined cycles. Examples of the 
urea addition control executing condition Include a con- 
dition that the temperature of the selective reduction 
NOx catalyst 3 determined from the value of output sig- 
nal (exhaust gas temperature) of the exhaust tempera- 
ture sensor 9 has reached an activation temperature, 
and the like. 

[0056] If it is determined that the aforementioned urea 
addition control executing condition is met, the ECU 10 
adds urea into exhaust gas flowing into the selective re- 
duction NOx catalyst 3 by controlling the reductant in- 
jection valve 4 so as to inject the reductant from the re- 
ductant injection vah^e 4. 
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[0057] Spectflcally, the ECU 10 reads the engine rev- 
olution speed, the amount of acceleration operation, the 
value of output signal of an airflow meter (not shown), 
etc. , from a storage. Furthennore, the ECU 1 0 accesses 
a urea addition control map stored In the ECU 10, and 
computes an amount of urea that needs to be added 
(target amount of urea addition), using the engine rev- 
olution speed, the amount of acceterator operation and 
the amount of lntal<e air as parameters. 
[0058] Subsequently, using the target amount of urea 
addition as a parameter, the ECU 10 accesses a map 
stored In the ECU 10, and computes an open valve du- 
ration of the reductant injection valve 4 that is needed 
In order to inject the target amount of urea from the re- 
ductant Inlection valve 4 (target open valve duration). 
[0059] After computing the target open valve duration, 
the ECU 10 opens the reductant injection valve 4. 
[0060] The ECU 10 closes the reductant Injection 
valve 4 at the elapse of the target open valve duration 
following the time point of opening the reductant injec- 
tion valve 4. 

[0061 ] As the reductemt injection veUve 4 is opened for 
the target open valve duration as described above, the 
target amount of urea Is Injected Into the exhaust pipe 
2 from the reductant Injection valve 4. The urea injected 
from the reductant Injection valve 4 mixes with exhaust 
gas that flows from an upstream portion of the exhaust 
pipe 2, and flows Into the selective reduction NOx cata- 
lyst 3, whereby selective reduction of NOx is performed. 
[0062] FIG. 2 is a schematic sectional view of an ex- 
emplary construction of a distal end portion of the re- 
ductant Injection valve 4. The reductant injection valve 
4 has a case 42, a needle 41 that Is contained In the 
case 42 and moves back and forth based on a signal 
from the ECU 10, a bag-like sac 43 that temporarily 
stores the reductant that flows out when the needle 41 
Is opened, and an injection hole 44 that extends thro ugh 
aportlon ofthesac43. In the thus-constructed reductant 
injection valve 4, a distal end portion 41 a of the needle 
41 contacts an opening portion 42a of the sac 43 when 
the reductant Is not supplied. Due to contact surfaces 
45, flow of the reductant is stopped. When the reductant 
Is to be supplied, the needle 41 Is moved apart from the 
sac 43 In accordance with a signal from the ECU 10. so 
that the reductant flows Into the sac 43. When the pres- 
sure of the reductant in the sac 43 becomes higher than 
the pressure outside the sac 43, the reductant flows into 
the injection hole 44 so that injection of the reductant 
from the sac 43 starts. 

[0063] FIG. 3 is a schematic sectional view of smother 
exemplary construction of a distal end portion of the re* 
ductant Injection valve 4. The reductant injection valve 
4 shown in FIG. 3 has a case 42, a needle 41 that is 
contained In the case 42 and moves back and forth 
based on a signal from the ECU 1 0, an injection hole 46 
that opens when the needle 41 is opened or moved 
apart, and a cap 47 that has diffusion holes 48 for dif- 
fusing the reductant Jetted out of the injection hole 46 
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Into a broad region, in the thus-constructed reductant 
Injection valve 4, a distal end portion of the needle 41 
covers the injection hole 46 to stop flow of the reductant 
when the reductant is not supplied. When the reductant 

5 Is to be supplied, the needle 41 Is moved apart from the 
injection hole 46 In accordance with a signal from the 
ECU 10. so that the reductant flows into the injection 
hole 46. When the reductant ejected from the injection 
hole 46 reaches the cap 47, the reductant flows into the 

10 two diffusion holes 48 formed In the cap, so that the re- 
ductant Is Jetted from the two diffusion holes 48 In dif- 
ferent directions. 

[0064] in some cases, the reductant remains in the 
sac 43» the Injection hole 44, the injection holes 46, the 

t3 cap 47, the diffusion holes 48, etc., even after injection 
of the reductant. The residual reductant solidifies due to 
evaporation of water or the like caused by heat from ex- 
haust gas. If solidified, the reductant cannot be easily 
removed. Moreover, as solidification of the reductant re- 

^ peatedly occurs, clogging results, and It becomes diffi- 
cult to supply the reductant. 

[0085] In the related-art reductant supply apparatus- 
es, the residual reductant Is removed In orderto prevent 
clogging, by injecting water from a reductant supply 

25 valve before or after the reductant is supplied. However, 
provision of a device for Injecting water complicates the 
device construction and Increases the size of the device. 
Furthermore, if a vanadium-loaded catalyst Is em- 
ployed, there is a danger that injected water may elute 

30 vanadium, and therefore the catalyst capability may de- 
cline. 

[0066] In this emi:>odlment, the aforementioned prob- 
lem Is solved by removing the reductant deposited in the 
sac 43, the Injection hole 44, the injection holes 46, the 

3s cap 47, the diffusion holes 48, etc. , before the deposits 
of the reductant solidify and therefore cause clogging. 
[0067] Next described will be a method of estimating 
the timing of clogging of the reductant Injection valve 4 
in accordance with the embodiment. 

40 [0068] FIG. 4 is a time chart indicating time-depend- 
ent transition of the reductant addition signal supplied 
to the reductant Injection valve 4. In the case of the re- 
ductant injection valve as shown in FIG. 2, when the re- 
ductant addition signal turns ON , the needle 41 Is moved 
apart from the sac 43, so that the reductant is injected. 
When the reductant addition signal turns OFF, the distai 
endportion41aofthe needle 41 covers the opening por- 
tion 42a of the sac 43, thereby stopping the Injection of 
the reductant. In this embodiment, at the elapse of a pre- 

so determined time (indicated by (2) in FIG. 4) after the in- 
jection of the reductant for the purpose of supplying the 
reductant to the selective reduction NOx catalyst 3 ((1 ) 
In FIG. 4), the Injection for removing the reductant de- 
posited In the reductant Injection valve 4 is performed 

55 ((3) in FIG. 4). The aforementioned predetemnined time 
((2) in FIG. 4) Is a time that elapses before the reductant 
deposited In the reductant injection valve 4 solidifies. 
The predetermined time is detemilned beforehand 
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through experiments or the like, and Is pre-stored In the 
ECU 1 0. The Injection for removing the reductant ((3) In 
FIG. 4) Is performed for a shorter duration of time than 
the Injection for supplying the reductant to the selective 
reduction NOx catalyst 3 ((1) in FIG. 4). This Injection s 
time may be determined beforehand through experi- 
ments or the like. 

[0069] The reductant injected In order to remove the 
reductant prior to the solidification thereof deposits In 
the reductant Injection valve 4. Therefore, solidification 
of the reductant Is substantially prevented by Injecting 
a small amount of the reductant at every predetennlned 
time. 

[0070] Thus, by injecting a small amount of the reduct- 
ant prior to solidification of the reductant, fixation of the 
reductant onto the reductant injection valve can be sub- 
stantially prevented, and therefore, the clogging of the 
reductant injection valve can be substantially prevented. 
[0071 ] Although the embodiment has been described 
In conjunction with addition of urea to the selective re- 
duction NOx catalyst, It Is also possible to use a reduct- 
ant other than urea. It Is also possible to add hydrocar- 
bon (e.g.. light oil) to the selective reduction NOx cata- 
lyst. 

<SECOND EMBODIMENT> 

[0072] In this embodiment, the clogging due to solid- 
ification of the reductant is substantially prevented by 
Injecting a small amount of the reductant when the inte- 
grated value of the temperature of exhaust gas following 
the last Injection of the reductant becomes equal to or 
greater than a predetenmlned value. 
[0073] The Internal combustion engine 1 and other 
hardware constructions to which this embodiment Is ap- 
plied are basically the same as those of the first embod- 
iment, and will not be described below 
[0074] The time needed for solidification of the reduct- 
ant deposited in the reductant Injection valve 4 decreas- 
es as the exhaust gas temperature Increases. The time 
for solidification of deposited reductant decreases with 
Increases In the time of exposure of the reductant to 
high -temperature exhaust gas. However, since the ex- 
haust gas temperature changes depending on the en- 
gine operational condition, It Is difficult to estimate the 
timing of occurrence of clogging due to solidification of 
the reductant only from the exhaust gas temperature de- 
tected at a certain time point. In this embodiment, there- 
fore, the exhaust gas temperature is integrated, and it 
Is estimated that the reductant will solidify and clogging 
will occur If the integrated value becomes equal to or 
greater than a predetemriined value. Beforethe estimat- 
ed occun'ence of clogging, a small amount of the reduct- 
ant Is Injected In order to prevent the clogging of the re- 
ductant injection valve 4. 

[0075] FIG. 5 Is a time chart indicating time-depend- 
ent transitions of the reductant addition signal supplied 
to the reductant injection valve 4 and the temperature 



of exhaust gas. In this embodiment, an Integrated value 
of exhaust gas temperature Is determined on the basis 
of the output signal of the exhaust temperature sensor 
9 provided near the reductant injection valve 4. 
[0076] In this embodiment, when the integrated value 
of exhaust gas temperature reaches a predetermined 
value (indicated by (2) in FIG. 5) after performance of 
injection to supply the reductant to the selective reduc- 
tion NOx catalyst 3 ((1) In FIG. 5), the reductant is in- 
jected In order to remove the reductant deposited on the 
reductant Injection valve 4 ((3) In FIG. 5). The aforemen- 
tioned Integrated value of exhaust gas temperature Is a 
value obtained by integrating multiplication products of 
exhaust gas temperature and the time of continuation 
of the temperature. The aforementioned predetermined 
value Is a value that occurs before solidification of the 
reductant on the reductant Injection valve 4, and Is de- 
termined beforehand through experiments or the like, 
and is pre-stored in the ECU 10. 
[0077] The Injection for removing the reductant ((3) In 
FIG. 5) Is accomplished within a shorter time than the 
Injection for supplying the reductant to the selective re- 
duction NOx catalyst 3 {(1) In FIG. 5). The duration of 
Injection may be detemnlned beforehand through exper- 
iments or the like. 

[0078] The reductant Injected In order to remove the 
reductant before tt solidifies deposits in the reductant 
injection valve 4. Therefore, solidification of the reduct- 
ant Is substantially prevented by Injecting a small 
amount of the reductant when the integrated value of 
exhaust gas temperature following the Injection for re- 
moval of the reductant reaches the predetennlned val- 
ue. 

[0079] Thus, by injecting a small amount of the reduct- 
ant prior to solidification of the reductant, fixation of the 
reductant onto the reductant Injection valve can be sub- 
stantially prevented, and therefore, the clogging of the 
reductant Injection valve can be substantially prevented. 



[0080] In this embodiment, the timing of Injecting the 
reductant is detemiined on the basis of the amount of 
flow of exhaust gas and the integrated value of exhaust 
gas temperature following the last injection of the re- 
ductant. At that timing, a small amount of the reductant 
Is Injected so as to prevent solidification of the reductant 
and therefore prevent clogging. 

[0081] The internal combustion engine 1 and other 
hardware constructions to which this embodiment is ap- 
plied are basically the same as those of the first embod- 
iment, and will not be described below. 
[0082] Depending on the amount of flow of exhaust 
gas and the integrated value of exhaust gas tempera- 
ture following the injection of the reductant from the re- 
ductant injection valve, the amount of the reductant 
drawn out from the sac 43, the injection hole 44, the In- 
jection hole 46, the cap 47, the diffusion holes 48, etc. 
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changes, and therefore, the amount of the residual re- 
ductant changes. As the amount of residual reductant 
deposits increases, the tinne needed for evaporation of 
nnolsture and the like Increases. That Is, there is a cor- 
relation between the integrated value of exhaust gas 
temperature following the injection of the reductant from 
the reductant Injectfon valve 4 and the timing of clogging 
of the reductant Injection valve 4. 
[0083] In this embodiment, therefore, the timing when 
the clogging will occur as a result of solidification of the 
reductant Is computed on the basis of the amount of flow 
of exhaust gas and the Integrated value of exhaust gas 
temperature following the last injection of the reductant. 
Prior to the computed timing, a small amount of the re- 
ducteint Is Injected so as to substantially prevent the 
clogging. The exhaust gas temperature is determined 
from the output signal of the exhaust temperature sen- 
sor 9. The Integrated value of exhaust gas temperature 
is a value obtained by integrating multiplication products 
of exhaust gas temperature and the time of continuation 
of the temperature. The amount of flow of exhaust gas 
is computed from the output signal of an air flow meter 
(not shown) that measures the amount of intake air. A 
relationship among the Integrated value of exhaust gas 
temperature, the amount of flow of exhaust gas and the 
timing of occurrence of reductant clogging Is determined 
beforehand through experiments orthe like, and a map 
of the relationship Is prepared. Using the map, thetlming 
of occun-ence of clogging Is computed from the integrat- 
ed value of exhaust gas temperature and the amount of 
flow of exhaust gas. 

[00841 FIG. 6 is a time chart Indicating time-depend- 
ent transitions of the reductant addition signal supplied 
to the reductant injection valve 4 and the clogging Index. 
The clogging index is a value that indicates the degree 
of solidification of the reductant, and is computed from 
the aforementioned map. 

[0085] In this embodiment, a clogging prevention con* 
troi is perfomned in which the Injection of the reductant 
(Indicated by (3) In FIG. 6) for removing the deposited 
reductant from the reductant injection valve 4 Is con- 
ducted during a period ((2) in FIG. 6) prior to a rise in 
the clogging index ((2) in FIG. 6) that occurs after the 
injection ((1) In FIG. 6) forsupplying the reductant to the 
selective reduction NOx catalyst 3. 
[0086] The injection for removing the reductant ((3) in 
FIG. 6) is accomplished within a shorter time than the 
injection for supplying the reductant to the selective re- 
duction NlOx catalyst 3 ((1) in FIG. 6). The duration of 
the injection may be determined beforehand through ex- 
periments or the like. 

[0087] The reductant Injected In order to remove the 
deposited reductant from the reductant Injection valve 
4 deposits on the reductant injection valve 4. Therefore, 
from the present exhaust gas temperature and the 
present amount of flow of exhaust gas. a timing of so- 
lidification of the reductant Is newly computed. Then, a 
small amount of the reductant Is accordingly Injected so 



as to substantially prevent solidification of the reductant. 
[0088] Thus, by injecting a small amount of the reduct- 
ant prior to solidification of the reductant, fixation of the 
reductant onto the reductant injection valve can be sub- 
5 stantlaiiy prevented, and therefore, the clogging of the 
reductant injection valve can be suisstantiaily prevented. 

<FOUFrrH EMBODIMEIMT> 

10 [0089] In this embodiment, a timing of clogging of the 
reductant Injection valve 4 Is estimated from the Inte- 
grated value of heat quantity that the reductant remain- 
ing in the sac 43 receives after the last injection of the 
reductant. Before the estimated timing, a small amount 

IS of the reductant Is Injected so as to prevent the clogging 
of the reductant Injection valve 4. 
[0090] The internal combustion engine 1 and other 
hardware constructions to which this embodiment is ap- 
plied are basically the same as those of the first embod- 

^ Iment, and will not be described below. 

[0091 ] If the capacity of the sac 43 present at the time 
of stop of Injection of the reductant (hereinafter, referred 
to as "dead volume") Is greater, the amount of reductant 
remaining after Injection of the reductant Is greater. In- 

25 creases in the amount of reductant residues result in in- 
creases in the time needed for soiidlffcation of the re- 
ductant residues due to Increases In the time needed 
for evaporation of moisture and the like contained in the 
reductant. 

so [0092] The time needed for solidification of the reduct* 
ant remaining in the sac 43 decreases with Increases in 
the heat quantity that the reductant receives. Therefore, 
there Is a correlatk>n between the heat quantity that the 
reductant In the sac 43 receives and the timing of oc- 
as currence of clogging of the reductant Injection valve 4. 
However, since the exhaust gas temperature fluctuates 
depending on the engine operation conditions, it is dif- 
ficult to estimate the timing of clogging only from the ex- 
haust gas temperature that occurs at a certain time 
^ point, in this embodiment, therefore, the heat quantity 
received by the reductEuit In the sac 43 is estimated on 
the basis of the exhaust gas temperature, the dead vol- 
ume, the specific heats of the reductant and the sac 43, 
etc. If the heat quantity becomes equal to or greater than 
a predetemnlned value, it is estimated that the clogging 
will occur due to solidification of the reductant Before 
the clogging occurs, a small amount of the reductant Is 
injected, in this manner, the clogging off the reductant 
injection valve 4 is substantially prevented. In this em- 
so bodiment, a map regarding the heat quantity that the re- 
ductant receives may be prepared beforehand, for ex- 
ample, through experiments in whtoh the heat quantity 
is determined using the history of exhaust gas temper- 
ature and the dead volume as parameters. The dead 
55 volume is constant, and therefore can be determined 
beforehand. The history of exhaust gas temperature can 
be determined from the outputsignai of the exhaust tem- 
perature sensor 9. 
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[0093] If the heat quantity received by the reductant 
In the sac 43 after a stop of injection of the reductant 
reaches a predetermined value, a small amount of the 
reductant Is inlected. The predetermined value Is a val- 
ue of heat quantity that occurs prior to solid tflcatlon of ^ 
the reductant, and is determined beforehand through 
experiments or the lil<e. and is pre-stored in the ECU 1 0. 
[0094] The reductant Injected In order to remove the 
reductant from the sac 43 remains in the sac 43. There- 
fore, every time the heat quantity received by the reduct- 
ant in the sac 43 reaches the predetermined value, a 
small amount of the reductant is injected so as to pre- 
vent the clogging of the reductant injection valve 4. 
[0095] Thus, by injecting a small amount of the reduct- 
ant prior to solidification of the reductant, fixation of the 
reductant onto the reductant Injection valve can be sub- 
stantially prevented, and therefore, the clogging of the 
reductant Injection valve can be substantially prevented. 

<FIFrH EMBODIIWENT> 

[0096] In this embodiment, an amount of leakage of 
the reductant is estimated on the basis of the output sig- 
nal of the reductant pressure sensor 8, and a small 
amount of the reductant is injected so €is to prevent the 
clogging of the reductant Injection valve 4 prior to the 
reductant Injection valve clogging timing determined 
from the estimated amount of leakage of the reductant. 
[0097] The Internal combustion engine 1 and other 
hardware constructions to which this embodiment is ap- 
plied are basbally the same as those of the first embod- 
iment, and will not be descr1t)ed below. 
[0098] The needle 41 receives the pressure of the re- 
ductant present In the reductant supply passage 7. In- 
creases in the pressure of the reductant increase the 
force that presses the distal end portion 41a of the nee- 
dle 41 against the opening portion 42a of the sac 43, 
and therefore decrease the amount of the reductant that 
leaks via the contact surfaces 45. Furthemiore, the time 
that elapses before the clogging occurs due to solidifi- 
cation of the reductant changes depending on the 
amount of the reductemt. Therefore, there is a correla- 
tion among the integrated value of pressure of the re- 
ductant, the amount of leakage of the reductant. and the 
timing of occurrence of clogging of the reductant Injec- 
tion valve 4. In this embodiment, the timing of occur- 
rence of clogging of the reductant Injection valve 4 is 
determined on the basis of the output signal of a reduct- 
ant pressure sensor that is provided upstream of the 
needle 41 . 

[0099] The pressure of the reductant Is determined 
from the output signal of the reductant pressure sensor 
8. The integrated value of pressure of the reductant Is 
determined as a value obtained by integrating multlpil- 
catlon products of pressure of the reductant and the time 
of continuation of the pressure. If the integrated value 
of pressure of the reductant becomes equal to or greater 
than a predetenmined value. It Is estimated that the clog- 



ging will occur as a result of solidification of the reduct- 
ant. Before the clogging occurs, a small amount of the 
reductant is Injected. In this manner, the clogging of the 
reductant injection valve 4 Is prevented. The predeter- 
mined value Is a value that occurs while the reductant 
Is not solidified. The value Is determined beforehand 
through experiments or the like, and is pre-stored in the 
ECU 10. 

[01 00] Thus, It becomes possible to estimate the tim- 
ing of occurrence of clogging of the reductant Injection 
valve 4. By Injecting a small amount of the reductant pri- 
or to occurrence of clogging, the clogging of the reduct- 
ant injection valve can be substantially prevented. 



[0101] In this embodiment, if the reductant Injection 
valve 4 is clogged due to solidification of reductant res- 
idues, the solidified reductant Is removed by injecting a 
greater-than-normal amount of the reductant at the next 
time of supplying the reductant. 

[0102] The Internal combustion engine 1 and other 
hardware constructions to which this embodiment Is ap- 
plied are basically the same as those of the first embod- 
iment, and will not be described below. 
[01 03] If the reductant Injection valve 4 Is clogged due 
to solidification of the reductant, Injection of the reduct- 
ant for the same open valve duration as in the Injection 
operation performed prior to the clogging of the reduct- 
ant Injection valve 4 cannot remove the solidified reduct- 
ant, and therefore cannot resolve the clogging of the re- 
ductant Injection valve 4. However, If the amount of the 
reductant injected Is Increased by Increasing the Injec- 
tion duration from the nomf>al duration, the solidified re- 
ductant can be eluted and removed. Therefore, If the 
clogging of the reductant Injection valve 4 is detected, 
the solidified reductant can be removed by injecting an 
Increased amount of the reductant at the next time of 
supplying the reductant. In this manner, the clogging of 
the reductant injection valve 4 can be resolved. 
[0 1 04] Detection of occurrence of the cloggi n g of the 
reductant injection valve 4 may be made possible by, for 
example, providing a NOx sensor (not shown) capable 
of measuring the concentration of NOx in exhaust gas, 
downstream of the selective reduction NOx catalyst 3. 
That is, if clogging occurs in the reductant Injection valve 
4. the reductant Is Injected only In a small amount, so 
that the amount of NOx reduced on the selective reduc- 
tion NOx catalyst 3 decreases, and the amount of NOx 
that flows downstream of the selective reduction NOx 
catalyst 3 Increases. Therefore, If the NOx concentra- 
tion actually determined from the NOx sensor Is at least 
a predetermined amount higher than the NOx concen- 
tration at the time of supplying the reductant while the 
reductant injection valve 4 is not clogged, it is possible 
to detemnine that clogging of the reductant Injection 
valve 4 has occurred. 

[0105] Urea decomposes, and changes in property, 
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depending on tennperaturo. Therefore, the amount of 
the reductant injected nnay be changed on the basis of 
the history of exhaust gas temperature. 
[0106] FIG. 7 is a diagram Indicating a relationship be- 
tween temperature and the substances Into which urea 
changes depending on temperature. As Indicated In 
FIG. 7, ureathemnally decomposes into substances that 
vary depending on temperature. The substances Into 
which urea decomposes also vary depending on the 
rate of heating urea. Therefore, it is possible to estimate 
which substance urea is decomposed Into based on the 
output signal of the exhaust temperature sensor 9, and 
con^espondingly change the reductant Injection dura- 
tion. The reductant Injection duration may also be 
changed on the basis of the temperature of exhaust gas. 
[0107] In a case where light oil Is used as a reductant, 
the rate of occurrence of dogging changes depending 
on temperature. In the case of light oil being used as a 
reductant, the reductant Is \\ke\y to solidify and cause 
the clogging in the temperature range of 150^*0 to 
SSO'^C. Therefore, if the temperature of exhaust gas en- 
ters this range after Injection of the reductant. an in- 
creased amount of reductant may be injected in the next 
injecting operation. 

[0106] Furthermore, if the clogging of the reductant 
injection valve 4 Is detected, the pressure of the reduct- 
ant for injection may be increased instead of increasing 
the amount of Injection of the reductant. An increased 
pressure of the reductant will remove the solidified re- 
ductant from the reductant Injection valve 4, and there- 
fore will resolve the clogging of the reductant injection 
valve 4. 

[0109] Raising the pressure of the reductant becomes 
feasible if the set pressure of the pressure regulator 12 
is made variable. The pressure regulator 1 2 operates in 
response to a signal frx)m the ECU 1 0, and changes the 
valve-opening pressure, thus raising the pressure in the 
reductant supply passage 7. 

[01 10] Thus, even If the clogging of the reductant In- 
jection valve 4 occurs, the solidified reductant can be 
removed to resolve the clogging of the reductant injec- 
tion valve 4, by Increasing the amount of Injection of the 
reductant or increasing the pressure of the reductant. 
[01 1 1 ] The reductant supply apparatus in accordance 
with the Invention Is able to estimate the timing of oc- 
currence of clogging in the reductant supply apparatus. 
The clogging in the reductant supply apparatus can be 
avoided by injecting the reductant before the clogging 
occurs. 

[01 12] According to the reductant supply apparatus of 
the invention, the reductant solidified In the reductant 
supply apparatus can be removed, and therefore the 
clogging of the nozzle can be resolved. 
[0113] There Is provided a reductant supply system 
which includes a NOx catalyst (3) that is provided in an 
exhaust passage of an internal combustion engine (1) 
and that facilitates reduction of nitrogen oxides in the 
presence of a reductant, and a reductant supply device 



(4) that supplies the reductant to the NOx catalyst (3). 
The reductant supply system further includes clogging 
estimation means (10) for estimating a clogging timing 
at which an injection hole (44, 46) of the reductant sup- 

5 ply device (4) is clogged, and clogging control means 
(4, 10) for controlling the clogging of the Injection hole 
(44, 46) by injection of the reductant from the reductant 
supply device (4) In accordance with the clogging timing 
estimated by the clogging estimation means (10). 

10 Therefore, the clogging of the injection hole (44, 46) of 
the reductant supply device (4) orthe iilce is prevented. 
[0114] While the Invention has been described with 
reference to exemplary embodiments thereof, it is to be 
understood that the Invention Is not limited to the exem- 

19 piary embodiments or constructions. To the contrary, the 
Invention Is intended to cover various modifications and 
equivalent arrangements, in addition, while the various 
elements of the exemplary embodiments are shown In 
various combinations and configurations, which are ex- 

20 emplary, other combinations and configurations. Includ- 
ing more, less or only a single element, are also within 
the spirit and scope of the Invention. 



25 Claims 

1 . A reductant supply system comprising a NOx cata- 
lyst (3) that Is provided in an exhaust passage of an 
internal combustion engine (1) and that facilitates 

30 reduction of a nitrogen oxide In the presence of a 
reductant, and a reductant supply device (4) that 
supplies the reductant to the NOx catalyst (3). the 
reductant supply system being characterized by 
further comprising: 

35 

clogging estimation means (10) for estimating 
a clogging timing at which an Injection hole (44, 
46) of the reductant supply device (4) Is 
clogged; and 

40 clogging control means (4. 10) for controlling 

the clogging of the Injection hole (44, 46) by In- 
jection of the reductant from the reductant sup- 
ply device (4) in accordance with the clogging 
timing estimated by the clogging estimation 

45 means (10). 

2. The reductant supply system according to claim 1 , 
characterized in that the clogging control means 
(10) is clogging prevention means (4, 1 0) for inject- 

50 ing a small amount of the reductant for substantially 
preventing the clogging of the Injection hole (44, 46) 
prior to the clogging timing estimated by the clog- 
ging estimation means (10). 

55 3. The reductant supply system according to claim 1 , 
characterized In that the clogging control means 
(4, 1 0) Is clogging resolving means (4, 10) for inject- 
ing an amount of the reductant that Is greater than 
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a usual amount If the reductant Is supplied after the 
clogging timing estimated by the clogging estima- 
tion means (1 0). 

4. The reductant supply system according to claim 1 . 
characterized in that the clogging control means 
(4. 10) is clogging resolving means (4. 1 0} for inject- 
ing the reductant at a pressure that Is higher than a 
usual pressure If the reductant is supplied after the 
clogging timing estimated by the clogging estima- 
tion means (10). 

5. The reductEint supply system according to any one 
of claims 1 through 4, characterized In that the 
clogging estimation means (10) estimates that the 
injection hole (44. 46) will be clogged, if an elapsed 
time following a last injection of the reductant from 
the reductant supply device (4) reaches at least a 
predetermined time. 

6. The reductant supply system according to any one 
of claims 1 through 4, characterized by further 
comprising: 

exhaust gas temi^erature measurement means 
(9) for measuring atemi^erature of exhaust gas; 
and 

exiiaust gas temi^erature Integration means for 
Integrating exhaust gas temperatures meas- 
ured by the exhaust gas temperature measure- 
ment means (9), 

wherein the clogging estimation means (1 0) es- 
timates that the injection hole (44» 46) will be 
clogged, if an Integrated value of exhaust gas 
temperature following a last Injection of the re- 
ductant from the reductant supply device (4) 
reaches at least a predetemriined value. 

7. The reductant supply system according to any one 
of claims 1 through 4, characterized by further 
comprising: 



8. The reductant supply system according to any one 
of claims 1 through 4, characterized In: 



that the reductant supply device (4) comprises 
s a valve (41 ) that opens at the time of supply of 

the reductant so as to deliver the reductant, a 
sac (43) in which the reductant is temporarily 
stored after passing through the valve (41 ), and 
received heat quantity computation means (1 0) 
10 for computing an integrated value of heat quan- 

tity received by the reductant remaining in the 
sac (43), and 

that the clogging estimation means (1 0) esti- 
mates that the injection hole (44) will be 
1^ clogged, If the Integrated value of heat quantity 

received by the reductant remaining In the sac 
(43) following a last injection of the reductant 
from the reductant supply device (4) reaches at 
least a predetemiined value. 

20 

9. The reductant supply system according to any one 
of claims 1 through 4, characterized in: 

that the reductant supply device (4) comprises 

29 a vah/e (41 ) that opens at the time of supply of 
the reductant so as to deliver the reductant, re- 
ductant pressure measurement means (8) for 
measuring a pressure of the reductant up- 
stream of the valve (41), and reductant pres- 

30 sure integration means (10) for Integrating the 
pressure measured by the reductant pressure 
measurement means (8). and 

that the clogging estimation means (10) esti- 
mates that the injection hole (44» 46) will be 
3s Clogged, if the Integrated value of the pressure 

following a last injection of the reductant from 
the reductant supply device (4) reaches at least 
a predetemriined value. 



exhaust gas temperature measurement means 

(9) for measuring a temperature of exhaust gas; 
exhaust gas flow measurement means for ^5 
measuring an amount of flow of exhaust gas; 
and 

exhaust gas temperature Integration means 

(10) for Integrating exhaust gas temperatures 
measured by the exhaust gas temperature so 
measurement means (9), 

wherein the clogging estimation means (1 0) es- 
timates the clogging of the Injection hole (44, 
46) based on the amount of flow of exhaust gas 
and an integrated value of exhaust gas temper- S5 
ature following a last Injection of the reductant 
from the reductant supply device (4) reaches at 
least a predetemriined value. 
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